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ANALYSIS OF IGNITION IN A BOMB

M. Fontenille
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SUMMARY. The EFAB, together with the DCP, has

conducted a number of tests in order to determine

the influence of the pyrotechnic priming composition

on temperature behavior.

The results obtained show a slight sensitivity

of this behavior for the compositions tested.

i. Presentation

Modern ammunition has to deliver high performance. For this

purpose, various components of the propulsive charge have to be

optimized globally. In particular, the powder and the igniter have

to be given particular attention. In effect, it has been found

that the velocity/pressure behavior of the ammunition was extremely

sensitive to this pair of parameters.

The DCP and the ETBS, at the request of the EFAB, performed

a series of bomb firings with powders B, GX and UG at various

temperatures and for various ignition compositions. The purpose

of these tests was to determine whether it would be possible to

isolate within a bomb the influence on temperature behavior of

the pyrotechnic ignition powder/composition parameter pair.

Ignition was performed using powder containers filled with

the pyrotechnic composition (Appendix i) .
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The compositions used were:

G.I.A.T-E.F.A.B., Bourges

**
Numbers in margin indicate pagination of foreign text.
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Zr/PbCrO 4

AI/KCI04

Al/Cu0

P. N. fine + lignite.

The tests were performed at temperatures of +20, -20 and

+51°C. For each triplet (powder, composition, temperature) two

firings were made.
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L

3_m

Composition L Masse l

PN t.8 mm 2 g

ZrPbCrO_ 38 mm 2,2 g

AIKCtO,, 35 mm 1 g

AICu0 _.0 mm 1.6 g

1--mass
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2. Analysis /292

Firing in a bomb is characterized by the developm@nt of a

pressure P(t) which is recorded. From this measurement one can

derive the powder consumption law Z(t). By differentiation, one

can define the linear consumption fine rate product function

% (3) x _(P).

The knowledge of the rate law or the shape function is

necessary to determine the other law.

In the range zc { 0,I_0,6 } we will assume that we have

approximated _(3) by a law fK(3) of the type IVT=-K[-Kz. And, for

corresponding pressures, the law _(P) has been approximated by a

law gnCP)of the type AP n.

Therefore, we can determine, from a measurement P(t) a

relationship n(K) which minimizes the spread between the calculated

and the measured value.

Since we are interested in the temperature behavior, we

will study the evolution of this relationship.

In Appendix 2 we show the analysis program of the test

results.
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Analysis program

NOTE: The polynomial subprogram and the utility subprogram

of HP determines the polynomial Y = P(x) of a degree which

minimizes the sum of the squares of the deviations between the

N calculated values (P(xi) and the measured values Yi.

F ,llUt%'_I[_,I-II''NU_'k_I2tH_m-|]>) THEfl tl¢,b'[

_O0 IF 'P "|0' At;[, _liUH,kl[2. l-_i];'l_ fit;[' sllUtl"A//[;.'I-:.l'.le" 'rHEtl tl#_,]('*[

:_1(' tl*:14E_T l

)2(, P_ l- I *, tq_ I ('-NI_(', _5('

:s'.,_ rC,_ l-1_.,0 TO Hr,)_-I ¢.TEF INT,FI,_I_

36_ T_.-1 _Ea

39(, t_Ei_T |

40u P0_ I-t_l(, TO N_.,u STEP INT,P_s2'

4]_ F , I.I .I, 2e_._ollU._ _tl [ i- [ - I ) ,_ttUPI. _rt ,_* I ] , ,.IE_

430 W= _,1. I

440 HE_T |

4'50 _l-_- |

4¢:.0 I;'E |, I PI P_/I_,T_N/
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REDIff DZcH*I), D4 rH- I ; ,tp(H- | _,Ld4 , H- I _

P_,_. "P' H>

F'_IelTEF 15 0

F_II_T LIH,_,,'F'FE$C_I_II HR_:IHRLE :';Fm&%Lll4,|;,'T_pZ D allu_,&9_";T 1

' ACC, UI_.ITIOtt DE£ £RF'_CTEPIC. TIOUE$ [,U TIR

P_IHTE_" 1$ O

E_ _,-IE-_

INFUT "COVOLUME [N H "-3 ",E_a

F'I_ItlT "COVOLUPII[ Etl M_-_ ",E_ •

D¢I_ _-1600 "

IIIPUT "DEItS|TE EH V_R _ "_Delt&

PEI.T _I, EtI$ITE EH K@'H 3 ",D=I_
C .,"E-4

IHFUT "'¢OLUHE _s[ LR BOHB£ EH tl 3 =,C

PRINT "VOLUHE DE LFI _OI'I_E EH Iq'S ".C

lq-. 140

IHF'UT "MFIC.SE DE POuD_E Ett t@ ",H

FF'|t_T "fqFlc£E DE POUI, PE EN _g ",H

INFUT "fl_C_$E DE COt_F0C-ITIC'f_ L FIt_OECE [t4 _O ".H&

P_]HT "HF_C_E [_E CC'HpOC-|T[OII L F_MC,_CE EH _g ".H_

PO-IE5

IHF'I.IT "Pt;ES_[OI4 DE L _H,-',PCE £tl F4_ iIO0 (IOO.(L_C.[C'tJ(_M[HT_",P0

PI;IHT "F'RE_lO_a DE L'F_mO;';'E EH Fa (IE_¢ 800.CL_C. lO,JE_EtiT,',FO

* CRLCUL DEC. . C_6RCTEF|_-TIC'LIE " l'E LR F'CILID_E

F'E' l I4T L]H(I,," F=';F,PR_E

,;C L, E f_'-

' CRLCUL DE "%T,

FOF l'l TO tl

tlE::T I

' CALCUt [,E [,2 [,T

FOF I-I TO tl-!

lie :-.T ]

' E_T;EE [,EC.. CFd;ACTEFI_,TIO,JE'_ ['E L E FI. OIT_TIO_,

] tlF t_T "-'[,Z-*",-] _-'_

JliFL, T "','_LEI.IF DF _ h, lr, ET _,,k £T [,U fkJ "",l _,l_,.t _, Z ,t I _

F_'ll4T[E l ¢. 0

F_IHT Ll.,2,,"i= ";V

FI_IHTE& ]% 1_

(/_LCUL _E DE DT

C, li EF'F0_ GC, TO 1070

FO_ 1"1 TO H-I

Dt,I''D:,I, $0_.1,1-..-'I -- [*1,, 2'

tcE.;T !

C_LCUL DE LO_'F' ET DE LOC'D£ DT'

C,H E;'F,gr_ C.C,TO I IZC,

FO_' I-I TO H-I

Lp_, I _'LOG_ , P' ] ,*P, I" [ ' ' 2'

LO,I' l ,-LOG' IS_, I

t_E:_ T I

OFF EF_ O;

TPACE DE LOC..LO_

tsC,VE 0,0

_(RLE 10,_0,0,¢

GFI_, 2,;.'

PLOT t.!_l I ,,td4. 1
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iLSO C_AFHI/%

12,:'0 _E::T I

1270 FFI_4TE_' IS 0

12_:0 J

12'_'0 _ CALCLIL DE ll,t .

1 -:00

1310 MAT A=_E_, 4 _

1320 I*,_ _" 1

1_30 II=N

1340 12-0

1350 FOr 1"1 TO N-I

13,_0 IF 2'1,_1 THIN Ftnl

370 IF Z_I_>Z2 THEt4 F_r,

3E:0 I ImMIN, If,l)

390 - I 2-MA;.;_ 12, I )

400 C,0T0 Ftr,

41@ Ftnl:ll=N

420 F_n:tlE×T I

430 F0F I'1 TO 12-I1¢1

1440 ZI_|>=L_II¢I-I,

1450 EI,I,=Ld4,11*I-I,

14_0 NEXT I

1470 FPlNT "ZI,2_ " ";Z1;_2

14_0 CALL Pol_,r, ob'&I,21'#JjE_'*'.]2-[I¢I,_G_,_'e'_Fe_ll,_l_s,Tov&1_I,Ftg_'_.P

I_ttFl_{l'tg}_f¢ll_tO_t_bOr_'

1490 FE_|M A,4.

1500 '

1510 ' IMFFE!_.IOI4 ItE_ C_ACTE_[_TIOUE$ _FSE_ LI$_E

1520 '

15_0 F_INTE_ I$ 0

1540 FFIBT "H=";_,_,"_=";A,I,,L]II'_ '

1550 FFIHTE_ IS l_

15_0 MC, VE Lp'II_,A(I_-A'2/-L_.'I'

1570 F0F l-li T0 12

15_:0 PLOT Lp, I,.R,I_¢A'2,*Lp, I'

15_0 C_AFNIC$

1_00 NEXT I

I_10 MOVE 0.0

1_20 ¢_E T

IE30 '

1_40 ' _OIJ_:LAGE

1650 '

16d0 C010 920

1_70 !TOF

1660

1C_0 '

1700

1710

17_0

17_:0

1740

1750 _13I Gc, l,.,',c, Iwtk_,'i,*,.,'e,_t4.l_ge4_,(otfft'''.F<_i,_'45Ji,T('_t_l_.F4; m_*_'i_''
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520

570

600

630

640

660

690

720

750

930

1510

1640

input "track number (8 or I), A

acquisition of firing characteristics

covolume in

density in

volume of the bomb in

volume of the bomb in

input "powder mass" in kg

composition mass of priming in kg

priming pressure in Pa

calculation of powder characteristics

beginning of analysis characteristics (_alcul = calculation)

printout of characteristics after smoothing

loop

3. The results /29E

Results obtained are shown in Appendix 3.

This does not allow one to show the behavior difference of

the relationship n(K), which is a function of temperature for

the various tested powders and compositions.

Nevertheless, it seems that the standard priming agents

gives results which are more widely dispersed than the igniters

AICuO and PN.

In order to compare the igniters and in particular the

ignition quality of a powder-igniter pair, it would be necessary

to make a larger number of firings so as to be able to compare

the standard deviations of these results with conpetence.

/296

4. Conc lus ion

We have been able to show a possible influence of ignition

composition on the temperature behavior of the powder.
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standard igniter

Powder B

Reheating firings

.2O

-20

-I

! ,04

l ,05

I ,04

1,07

0,996

: .04

1.012

! .06

1.35

,04

I .Oa

1.10

0,842

0.838

0,834

0.86!

0,795

0.835

0.811

0.858

0.84]

0.833

0.33£

c,Eg7

K

2

0,676

0,669

0,666

0,692

0,629

0.668

0.643

0.692

0,671

C,665

0,665

C,730

0,631

0.624

0.620

0.647

0.5F3

C,622

0.598

0,646

0,626

0.620

©. 620

0,656

0.571

0.564

0,560

0,587

C,524

O, 563

0,538

0,587

0,566

0,560

0.560

0,625

i-- temperature
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OF POOR QUALITy POWDER B /298

K

Ailumeur [ temperature -I I o I 2 I 3 I 5
F f F F

ZrPbCr04

A_C_04

AZCJG

-51

-2O

-2O

-20

-2O

-51

.2O

-2O

.51

.2O

-2O

I I 1 1

1.061 O,S501 0.68110,63610,576
I I I I

1,031 0,8221 0.632[0.606[0.547
I I I I

I I I I
1,031 0,8221 0,65210,60610.546

I I I I
1,021 0.8261 0,65710,61210.552

t I I I
I I I I

1,041 0,8311 0,66310,61710.558
f I I I

1,02[ 0,8081 0,63710,59210,532
J I I P

1,021 0,8111 0,6:4[0,59710,527
I I I I

1,04_ 0.829_ 0,_8D}0,624/0,555
t J i l
I I I 1

1.081 0,8701 0,70010,65410,595
I I t I

1.031 o,8191 o,6451o,6o31o,543
I I I I

I I I I
1.Oll 0,8071 0.63810.59210°532

I I I I
1,031 0,8151 0,64510,600r0,539

t I t I

i [ I t
1,021 0,8171 0,65010.60410,544

I I I I

1,331 o,905{ o,6531o,6o71c,547

I I I I

I i 1 1
1,021 0,808_ 0,64010,59510,535

I I I I

1,021 0,8131 0,64310,59710,537
I I I I
1 I 1 I

1,051 0,8431 0,67=10.62810.569
I I t I

1,031 0.8231 0.65510,61010.550

I I I l

I ! ! )

,031 0.6291 0,66310,61810.558

I I I I

,o41 o,5351 0,66610.62110,562

I I I l
l.OEI 0,843_ 0,67310,62?10,568

I I I I

1,041 0.830/ 0._6{I0,_Z6/0,5_6
I i I I

I I I I
1,061 0,8511 0,68110,635}0.576

t # I I

1.061 0.8471 0o67510,63010,571

i t 1 I

1--igniter;

i0
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OF POOR QUALITY
POWDER GX /299

Allumeur

ZrPbCrO4

AIKCI04

AICuO

temp_rmture

*20

.51

.20

-20

.=-l

.20

-20

.51

*2O

I
I
I -ao

I
I

I
I -I I
I I
I I
I i,o_-I
I I
I 1,o81

I I
1,071

I
l.oe;

r

K
o I 2 I 3 I ._

I I I
I I I

0.8481 0,87_10,83a10, sTa
I

o.88sl

0,8621
I

o.858l
I

I I
1,131 0,92EI

I I
1.091 0.882I

; I

I I
0,71810.67310,614

I I
I I

0.895[0,650[0,590
I I

0,69310,64810,588
I t
I 1

O,75410.70910.649
I I

0.714[0,869[0,609
f I

t I I I
1,10l 0,8971 0,73210,88710,627

I I I I
1,061 0,8551 0,867]0.642f0,582

I I I I
i I I ;

1.07r 0,8691 0,70310,65810,598
I I f I

1,07l 0.863l 0,69510.5501C.59_
I I I J
I I I I

l,O9r o,891l O,?25PO,68CTO,620
I I I I

1.0£i 0.886l 0.71910,69_I0,614

I f I I
1 I 1 I

1,cel 0,8591 0,6£210,£47!0,587
I I I I

I 0_ O,eeel o,nolo e?_Io 6;
I I I I
r 1 I I

1.0: o,e6el 0,?c310,6_8le.£95
! I I I

1,07; 0.8E21 0,8920,64710,5_7

; I I I
1.091 0,886l 0,71EI0,67310,613

I I I I
1,091 0,8831 0,71E!0,670}0,611

; I O,'722Jo,67610,F..IT'l/1,091 0,888l
I I I ]

1.11! 0.911f 0,7e-310,69810,63_
1 I I I
I I I *

1,11[ 0.9061 0,74010,69510,625
J I I I

1,081 0.8781 0,912f0,66710,607
I I I I
I I 1 I

l.lOl 0,8971 0,72910,656r0,596
I I f r

1,09i 0,8831 0,716[0,67110,611

1--igniter

Ii
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OF POOR QUALITY

POWDER UG /300

ZrPbCr04

AIKCIO4

AIC_C

PN fine -

Itgn:_e

temp4rsture

.51

.20

-20

÷51

*2O

-2O

i K

_-_1ol21315
I I I I #

I I I I I
10.9771 0.7621 0.59110.546#0.486

I I I I
)0.9801 0.7671 0.59710.S5110.491

) I I I !
l I I I , !

t0.9311 0.7221 0.55110.50610.446
I I I I I
II,01 I 0,7901 0,61410,56810,508
( I I I I

i I I I t
I0,9181 0.7101 0.54210.49710.437
i I I I I
10.922J 0.7081 0.53610.49010.430
I I I ) I

I l i I i
I 1.02) 0.8181 0.65010.60510.545
I I I I f
) _,021 0.809l 0,64010.59510,S3_
I ( I # I
I I I I I
10,9541 0,7431 0,57310,52710,468
I I I I I

f0,9371 0.7321 0,56310.51710.457
I I I I

_ I I I
10,9321 0,7101 0,53410,48810,428
I I I # i
10,9331 0.7231 0.553j0,50810,448
I I I F I
I f I I I
J0.9701 0.7631 0.59410.549i0.489
f I I I I
10.969r 0.7621 0.59310.547r0.487
I I I I
t l I I I
i0.939( 0,7251 0,55410,509{0,449

-2O I l

10,934(

I f

i i

t 0,951
-20 t I

Io,9391
I I
I I

Io,9a71

I I I

0.7241 0.55410.50910.449
I I I
i 1 I

0,7361 0,56510,51910,459
) I I

0,730l 0.56110.51610.456
I I t

I } I
0,7841 0,616f0,57110,511

I I I
# I I 0,7871 0,61610,57010,510
f I I I I

*2O

l I 1 I i
)0,9581 0,745l 0.575#0,53010.470
f I f I I
I0,9491 0.7451 0,576i0,53110,471
I I I I f

-2O

I l I I I
I0,9651 0.7391 0.56510,51910,459
I I I I I

Io,9591 o.7411 0,58910,52310,464

J I z I 1

1--igniter
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